Head injuries due to high-velocity missiles and shrapnel as a result of military conflicts have become a very important cause of death or severe neurological deficits. Military-type missiles have high velocities and transfer higher amounts of energy to neural tissue, compared to civil-type missiles. This physical phenomenon also causes greater neural tissue destruction. Shrapnel particles derive from blasts and cause less severe injury because of the irregular particle shape and low energy transmission. This study analyzed 135 patients with head trauma, 80 patients (59%) injured by missiles and 55 patients (41%) by shrapnel. Glasgow Coma Scale (GCS) scores at admission were 3 to 7 in 69 patients, 8 to 10 in 29 patients, and 11 to 15 in 37 patients. The most common anatomical localizations were the right frontoparietal region in 42 patients and the left frontoparietal region in 40 patients. One hundred patients (74%) were operated on immediately and 35 patients (26%) were treated conservatively in the intensive care unit. Ten of the 135 patients died (7.4%), seven from missile injury and three from shrapnel injury. In this study, we found that high mortality was associated with low GCS score at admission, presence of multilobar or skull base injuries, and involvement of ventricles. Early and aggressive surgical intervention decreased the mortality.
Introduction
Military conflicts are constantly occurring worldwide, with the inevitable human cost of cranial penetrating missile or shrapnel injuries, which have become a very important cause of death or severe neurological deficits. The mortality, especially if the injuries were caused by military-type high-velocity missiles or particles, is high in spite of appropriate treatment, particularly compared to similar lesions in other parts of the body. These types of injuries differ from those derived from urban violence, which usually involves low-velocity missiles. Highvelocity missiles travel at speeds greater than 3000 ft/sec and result in huge and distant tissue damage caused by temporary cavitation and shock waves. Such cavitary injury is much more extensive than the track of the missile. In contrast, low-velocity missiles and shrapnel result in limited tissue damage mainly caused by tissue laceration and crushing. On the other hand, medical interventions usually cannot be performed rapidly in chaotic battlefield circumstances.
Experience in the World War I concluded that early and meticulous debridement of penetrating head wounds was the best surgical approach, decreasing the mortality to 29%. In later wars, especially the World War II and Korean War, more aggressive surgery with deep debridement of necrotized brain tissue and bony fragments was shown to decrease infection and mortality. 17, 18) The mortality ranges from 23% to 92% and is markedly higher at 87-100% in patients admitted with poor neurological status. 3, 4, 8, 11, 13, 16, 19, 22, 23, 25, 29, 34, 35, 37, 39) Many other factors have been associated with mortality including hemodynamic and respiratory status at admission, missile type, pupil diameter and reactivity, and computed tomography (CT) findings. 7, 12, 19, 20, 22, 28, 34, 41) Surgical intervention must be performed as soon as possible, if indicated. Operative treatment depends on some basic principles. Accurate assessment of tissue loss can only be performed in the operating room. Adequate debridement of the scalp wound and bone edges should be performed. The entire edge of the dura should be exposed and debrided. Necrotic brain tissue, hair, foreign materials, and bone fragments in the brain parenchyma are potential sources for important infections. Hemostasis of the wound and cavity is crucial to prevent rehemorrhage and herniation. The dura should be closed watertightly at the end of the operation. Scalp defects can be repaired with primary sutures or with interposition techniques. 36) The present study evaluated the surgical results of 135 patients with cranial wounds. Complete evaluation of the wound and debridement was performed if necessary. Intracerebral, subdural, or epidural hematomas were evacuated. Attentive hemostasis was performed, and dural and scalp defects were repaired.
Patients and Methods
This study evaluated 135 male patients aged from 20 to 44 years (mean 22.4 years) who suffered highvelocity missile or shrapnel wounds to the head. Patients with multiple wounds were not included. All patients were treated in the acute phase (first 3 days after injury) at Diyarbakir Military Hospital within a 2-year period. Eighty patients (59%) were wounded by high-velocity missiles ( Fig. 1 ) and 55 patients (41%) were injured by high-velocity shrapnel derived from explosions ( Fig. 2 ). Military physicians began emergency treatment of all patients within the first 30 minutes including head trauma protocol and, if necessary, resuscitation procedures. All patients reached hospital within 4 hours after the trauma.
On admission to the emergency service, trauma protocol execution continued. Complete physical and neurological examinations were done rapidly. Neurological evaluation primarily depends on the Glasgow Coma Scale (GCS) parameters. Blood count and biochemical tests were also done. Biplanar cranial and cervical roentgenography and cranial CT evaluations were performed. If necessary, thoracic and lumbosacral biplanar radiography was also obtained. The decision for surgical intervention was based on the neurological examination and radiological findings. Indications for surgery were as follows: signs of elevated intracranial pressure in the presence of epidural, subdural, or intracerebral hematomas causing neurological deterioration and/or shift effect on CT; presence of a missile or shrapnel trajectory; depression type or fragmented skull fractures; presence of intracranial bony fragments and foreign materials; and extensive scalp tissue loss with ongoing hemorrhage (Figs. 3 and 4).
All surgical patients were followed and treated in the neurosurgical intensive care unit. Anti-edema therapy was given including mannitol, furosemid, and dexamethasone in the correct doses intravenously. Prophylactic antibiotic (ceftriaxone disodium) treatment was given to all patients. Famotidine (H2 receptor antagonist) injections were given intravenously to prevent damage to the stomach mucosa. Gunshot Wounds to the Head GCS scores at admission, localization of injury, radiological findings, type of surgical intervention, and type of high-velocity object were recorded within the first 3 days following trauma. The correlations between the presence of variables and high mortality were investigated. These data were expressed and evaluated by the chi-square test. A p value of less than 0.05 was considered statistically significant.
Results
Seventy-five of the 80 patients injured by missiles and 25 of the 55 patients injured by shrapnel underwent surgery. The other patients had nonserious injuries (only minor scalp lacerations), so only wound cleaning and closures were performed. Table 1 summarizes the GCS scores in the patients.
All patients had only cranial wounds. The most common injury location was the right frontoparietal region in 42 patients, followed by the left frontoparietal region in 40, the right temporooccipital region in 20, the left temporooccipital region in 15, bifrontal regions in three, craniofacial injuries in five, skull base injuries in six, and only scalp injuries in four patients. Temporooccipital or frontoparietal describe the major topographical localizations. Multilobar injuries were present in five patients. Bifrontal injuries were evaluated separately because of their importance.
CT demonstrated the presence of indriven foreign bodies or bony fragments in 33 patients, intracerebral hematomas in 23, edema formation in 15, depressed skull fractures in seven, subdural hematomas in six, ventricular injuries in six, subarachnoid hemorrhages in three ( Fig. 5 ), pneumocephalus formation in two (Fig. 6 ), and epidural hematoma in one patient.
The surgical interventions were excision of hematomas in 24 patients, deep debridement in 34, excision of fragments and foreign materials in 33, ventriculostomy in three, duraplasty in 34, and elevation of depressed skull fractures in seven patients.
Seven patients with missile injury and three patients with shrapnel injury died despite all treatment modalities ( Table 1 ). The mortality was 8.75% for missile injury and 5.4% for shrapnel injuries. Total mortality was 7.4%. Three of 135 patients had bifrontal injury and all died. Four of five patients with multilobar trajectories died. Four of six patients with ventricular injuries also died. Diffuse A. Bakir et al.
brain damage was the main cause of death, followed by herniation. Low GCS score (0 to 7 points), presence of multilobar injuries, injuries with ventricular involvement, and skull base injuries were significantly associated with high mortality (p º 0.05). Shrapnel injury had a lower mortality than missile injury (p º 0.05).
Discussion
Mortality has been reported to increase with age, but the opposite opinion has also been expressed. 22, 24, 32, 39) In our study, the patients tended to be younger and mortality was low. The small number of older patients included in our study did not allow any conclusion about this relationship. 14, 28, 31) The literature indicates some uncertainty about the relationship between the GCS scores at admission and the mortality. However, low GCS scores at admission are generally considered to be related to higher mortality. 4, 16, 42) In our series, this relationship was statistically significant (p º 0.05).
The presence of multilobar injuries and involvement of ventricles were also significantly related (p º 0.05) to higher mortality in our series in accordance with other studies. 4, 12, 16, 20, 29, 37, 39) The high mortality in these lesions could be associated with pathophysiological mechanisms. This type of a lesion has greater potential to destroy crucial vascular structures because of the anatomical position and relatively long trajectory. The diencephalic and mesencephalic structures also tend to be destroyed. The loss of large amounts of brain tissue causes edema formation which is related with higher mortality. Localized lesions, such as contusions and intraparenchymal hematomas, are associated with surrounding edema leading to intracranial hypertension. [1] [2] [3] [4] 39) Bifrontal injury was also an important factor for mortality. The destruction of both frontal lobes can lead to more serious damage to the brain and connection fibers, and result in high mortality. In our series, we had three patients with bifrontal injury and all died in the early postoperative period despite surgical intervention.
Our study found no statistically meaningful association between the presence of pneumocephalus, epidural or subdural hematomas, or subarachnoid hemorrhage and high mortality. However, the mortality was recorded after the first 3 days postinjury, so mortality due to these factors may be higher in the long term.
Harvey Cushing was one of the first authors to suggest the necessity for aggressive surgical treatment. 17) Recently, the suggested treatment for missile or shrapnel head wounds has been divided into four groups: Large craniotomy or craniectomy and aggressive deep debridement, no surgical operation, minimal or superficial debridement, and simple debridement of the entrance gutter through a small craniotomy. 6, 10, 15, 33, 40) There is no consensus about the surgical indications or aggressiveness because of the great number of variables to be considered, such as the number and distribution of fragments, the occurrence of different types of lesions caused by different types of missiles and shrapnel particles, and the involvement of eloquent areas. Only superficial debridement of the entrance gutter and closure of the wound has been suggested. 43) Urban violence tends to result in less serious injuries, mainly because of the lower missile velocity, so this treatment strategy might be valuable only Gunshot Wounds to the Head in civil gunshot injuries. 26) In such cases, early and deep debridement of devitalized brain tissue and removal of all accessible foreign bodies and bony fragments is also advocated. 5, 9, 17, 21, 27, 30, 38) The present study suggests that deep and maximal debridement of devitalized brain tissue and removal of all accessible foreign bodies and bony fragments must be performed as aggressively and early as possible to prevent the resultant edema associated with devitalized brain tissue. An indriven foreign body or large amounts of necrotic brain tissue is generally considered to be an important source for epileptic seizures and increased infection rate. 1, 9, 18, 19, 38) However, the presence of retained fragments may have no relationship with the development of either infection or seizure disorder. 9, 40) The role of surgery has not been precisely defined in the treatment of patients admitted with low GCS scores. Surgery was not performed in some patients with GCS scores 3 to 5, 12, 19, 22, 24, 29) because these patients have unfavorable outcome, even with surgical treatment. On the other hand, favorable outcome was achieved in some such patients, indicating deep and aggressive debridement of necrotic brain tissue to prevent the further swelling that sharply raises mortality. 23, 27) We agree with this approach and performed surgical exposure and deep debridement in patients with any GCS score. We believe that our present results demonstrated that early and aggressive debridement reduces mortality. However, surgical intervention will not provide a favorable outcome in the presence of clinical signs compatible with irreversible neurological compromise.
We did not encounter any local or systemic infection, or any concomitant infection among our patients. We evaluated all our patients in the first 3 days of the post-injury period, which is too short for infection occurrence, and we gave routine combined antibiotic therapy.
The present study found that shrapnel particles produced less serious lesions and lower mortality. Due to the irregular shape of shrapnel particles, the velocity and kinetic energy decrease in a very short distance. This phenomenon results in less serious head injury if the victim is far away from the explosion that produces these types of particles.
Head injuries that occur on the battlefield have high mortality. The main cause of immediate death within 3 days of trauma is diffuse brain damage. Early surgery should stop the progressive damage and decompress the vital structures as soon as possible. The present study suggests that early and aggressive surgical intervention for debridement of necrotic brain tissue reduces brain swelling and mortality. Low GCS scores at admission, presence of multilobar injuries, injuries with ventricular involvement, and skull base injuries were associated with high mortality. Shrapnel injuries caused lower mortality, probably due to the irregular shape causing rapid decrease of kinetic energy and cranial penetration power.
